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ABSTRACT- Phragmites australis (common reed) is known to have occurred along the Platte River histori-
cally, but recent rapid increases in both distribution and density have begun to impact habitat for migrating 
sandhill cranes and nesting piping plovers and least terns. Invasiveness in Phragmites has been associated with 
the incursion of a European genotype (haplotype M) in other areas; determining the genotype of Phragmites 
along the central Platte River has implications for proper management of the river system. In 2008 we sampled 
Phragmites patches along the central Platte River from Lexington to Chapman, NE, stratified by bridge seg-
ments, to determine the current distribution of haplotype E (native) and haplotype M genotypes. In addition, we 
did a retrospective analysis of historical Phragmites collections from the central Platte watershed (1902- 2006) 
at the Bessey Herbarium. Fresh tissue from the 2008 survey and dried tissue from the herbarium specimens were 
classified as haplotype M or E using the restriction fragment length polymorphism procedure. The European 
haplotype was predominant in the 2008 samples: only 14 Phragmites shoots were identified as native haplotype 
E; 224 were non-native haplotype M. The retrospective analysis revealed primarily native haplotype individu-
als. Only collections made in Lancaster County, near Lincoln, NE, were haplotype M, and the earliest of these 
was collected in 1973. 
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INTRODUCTION 
The central Platte River (Nebraska, USA) is a large, 
braided river with origins in the Rocky Mountains. The 
river provides important roosting habitat for hundreds of 
thousands of staging sandhill cranes (Crus canadensis) 
and nesting habitat for federally endangered least terns 
(Sterna antillarum) and threatened piping plovers (Char-
adrius melodus) (Sidle et al. 1992; Kirsch and Sidle 1999; 
Kinzel et al. 2006). Dams upstream of the central Platte 
River- here defined as the reach between Lexington, 
NE, and Chapman, NE- regulate flows far below historic 
records, especially during spring runoff periods (Eschner 
et al. 1981). Reduced flows have allowed encroachment 
Manuscript received for review, October 2010; accepted for publication, 
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by woody species, which have subsequently narrowed 
channels (Johnson 1994). Likewise, the absence of flood-
ing is thought to have removed a major source of sandbar 
creation, reducing breeding habitat for terns and plovers 
(Sidle et al. 1992). 
Recently (within the last 12-15 years), land managers 
have noted the rapid expansion of Phragmites australis 
(hereafter, Phragmites) throughout the active channel 
(i.e. , the portion of the river influenced by flowing water) 
of the central Platte River. The expansion has resulted in 
vegetation of the bare sandbars required by nesting terns 
and plovers, and substantial armoring of the river banks, 
which contributes to channelization (Tal et al. 2004). 
Records at the University of Nebraska Bessey Herbarium 
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indicate thatPhragmites has been collected at sites within 
the central Platte River watershed since 1887. The reasons 
for the current rapid expansion are unknown. Elsewhere, 
low water levels, increased salinity, eutrophication, and 
the arrival of an exotic genotype have been considered 
possible triggers for rapid expansion of Phragmites (Gala-
towitsch et aI., 1999; Hudon et al. 2005; Vasquez et al. 
2005; Lelong et al. 2007). 
Saltonstall (2003a) found both a native haplotype of 
Phragmites (haplotype E; now recognized as a subspe-
cies, P. australis subsp. american us SaItonstall, P.M. 
Peterson and Soreng) and the European haplotype (hap-
lotype M; known as P. australis [Cav.] Trin. ex Streud.) in 
six samples collected in 1998 at various locations within 
the Platte River basin of Nebraska. Because haplotype 
M has been found to be invasive in freshwater wetlands 
(T'Ulbure et al. 2007), determining which haplotype is 
present in the central Platte River is key to developing 
appropriate management plans. If haplotype M is the 
dominant form in the central Platte River, managers may 
take more aggressive action against it than if the native 
haplotype is dominant. In addition, knowledge of the 
time course of the arrival of haplotype M may suggest 
reasons for its spread. Objectives of our study were (1) to 
assess the current distribution of the native and European 
haplotypes of Phragmites in active channels of the central 
Platte River and (2) to determine haplotypes of herbarium 
specimens representing historic collections from the 
Platte River basin. 
METHODS 
We collected samples of Phragmites australis leaf 
tissue during the summer of 2008. Our study area ex-
tended west from Chapman to Lexington, NE (151 km) 
and was divided into segments based on bridge cross-
ings near towns (Fig. 1). We sampled at 5- 13 random 
locations within each segment (Table 1); differences in 
number oflocations sampled reflect ownership and access 
limitations. We collected leaftissue from three individual 
shoots at each location (hereafter referred to as a patch, 
which we define as a discrete group of Phragmites shoots, 
clearly separated from any other patch by open water, 
bare ground, or other vegetation); only one set of three 
samples was taken from any given patch. One shoot was 
sampled from the edge of the patch nearest the center 
of the channel, the second from the middle of the patch. 
The third leaf was collected from any shoot that in the 
opinion of the collector appeared different from the rest 
of the patch. Although certain morphological character-
© 2011 Center for Great Plains Studies, University of Nebraska - lincoln 
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istics such as ligule length (Salton stall et al. 2004) and 
internode coloration (Catling et al. 2007) would have been 
visible during our early summer collections, we did not 
base our selection on them. In this way we hoped not to 
miss one haplotype that might have been present within 
a larger clone of a differing haplotype. All patches were 
within the active channel. Sample locations were record-
ed on a handheld global positioning system unit. Samples 
were kept chilled in the field and were shipped on ice to 
the lab at the University of Minnesota where they were 
frozen until analysis. In all, 238 shoots were sampled. 
Tissue from dried herbarium specimens was used 
for the retrospective analysis. Tissue samples were re-
moved from the collection at the Bessey Herbarium at 
the University of Nebraska and shipped to the University 
of Minnesota for analysis. Collection dates ranged from 
1902 to 2006; locations were all within the watershed of 
the central Platte River (Fig. 1). 
The protocol for restriction fragment length poly-
morphism (RFLP) was based on the method developed 
by Saltonstall (2003b), which distinguishes native 
from non-native genotypes of Phragmites australis. 
A 0.16 cm disk was punched from frozen or dried leaf 
tissue and placed in a 96-well plate; the paper punch 
was sterilized in 70% ethanol in between samples and 
allowed to dry prior to punching the next sample to 
avoid contamination between samples. We used the 
REDExtract-N-Amp Plant PCR kit (Sigma-Aldrich) to 
extract DNA from frozen leaf tissue and amplify our 
regions of interest. One hundred milliliters of extraction 
solution was added to each leaf tissue disk and heated to 
95°C for 10 minutes. One hundred milliliters of dilution 
solution was then added to each well. Two noncoding 
chloroplast regions were amplified using the polymerase 
chain reaction (PCR). One region is a portion of the 
intergenic spacer between the trnT (UGU) and trnL 
(UAA) using the amplification primer pairs trnL (UAA) 
5' "b" (5' TCTACCGATTTCGCCATATC)-trnLbR (5' 
GGAGAAGATAGAATCATAGC) (Taberlet et al. 1991; 
Salton stall 2002). The other region is a portion of the 
intergenic spacer between rbcL and psal using primer 
pairs rbcL (5' TGTACAAGCTCGTAACGAAGG)-
rbcL3R (5' GATTTGTCAAGTCTCATGATCGT) 
(Saltonstall 2001; Salton stall 2003b). PCR reactions 
consisted of 2 III leaf disk extract, which included DNA, 
10 III REDExtract-N-Amp PCR ready mix, 2 III each 
of the forward and reverse primers, 2 III deionized and 
autoclaved water, and 1 III each of the extraction and 
dilution solutions in a total volume of20 Ill. The thermal 
cycling profile was 2 minutes at 94°C, followed by 35 
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Figure 1. Map of study area in Nebraska, showing bridge sections for sampling Phragmites on the Platte River. Bridges are indicated 
by vertical lines crossing the river. The shaded area indicates the Platte River drainage basin. Identified counties are those from 
which herbarium specimens we analyzed were collected . 
cycles of 94°e for 45 seconds, 52°e at 45 seconds, and 
noe for 1 minute 30 seconds, followed by an extension 
of noe for 1 minute 30 seconds. After the 35 cycles 
were completed, a final extension step at noe was run 
for 2 minutes. Ten milliliters of peR product was di-
gested using the restriction enzyme RsaI for the trnLb 
region and the HhaI for the rbcL region following the 
manufacturer's directions. Restriction fragments were 
electrophoresed in ethidium bromide stained 3% TAE 
agarose gels and visualized with UV light. 
The HhaI restriction enzyme generates a lO4 bp frag-
ment that is unique to haplotype M (and other European 
haplotypes). The RsaI restriction enzyme generates a 282 
bp fragment in native haplotypes but not in European 
haplotypes. Verified specimens of haplotype M and a na-
tive haplotype were analyzed as controls for the assay. 
The extraction technique described above failed to 
extract DNA from some of the dried tissue from herbari-
um specimens. For these, we extracted DNA from 50 mg 
of ground air-dried leaf tissue using the DNeasy Plant 
Mini Kit (Qiagen). DNA extracts were then diluted to a 
concentration of 5 ng DNA per 1 ).11 solution. AmpliTaq 
Gold DNA Polymerase (Applied Biosystems) was used 
to amplify the same regions of interest. peR reactions 
consisted of 8 ).11 DNA extract, 4 ).11 buffer, 4 ).11 each of 
the forward and reverse primers, 4 ).11 dNTPs, 0.4 ).11 Taq 
polymerase, 17.6 ).11 deionized and autoclaved water, and 
4 ).11 magnesium chloride in a total volume of 40 ).11. The 
thermal cycling profile was 2 minutes at 94°e, followed 
by 35 cycles of 92°e for 30 seconds, 57°e for 15 sec-
onds, and noe for 30 seconds. After the 35 cycles were 
completed, a final extension step at noe was run for 5 
© 2011 Center for Great Plains Studies, University of Nebraska - Lincoln 
180 
Platte River basin: A historical perspective. Open 
File Report. U.S. Geological Survey, Reston, VA. 
Galatowitsch, S.M., N.O. Anderson, and P.D. Ascher. 
1999. Invasiveness in wetland plants in temperate 
North America. Wetlands 19:733-55. 
Hudon, C., P. Gagnon, and M. Jean. 2005. Hydrologi-
cal factors controlling the spread of common reed 
(Phragmites australis) in the St. Lawrence River 
(Quebec, Canada). Ecoscience 12:347-57. 
Johnson, w.e. 1994. Woodland expansion in the Platte 
River, Nebraska: Patterns and causes. Ecological 
Monographs 64:45- 84. 
Kinzel, P.J., J.M. Nelson, R.S. Parker, and L.R. Davis. 
2006. Spring census of mid-continent sandhill 
cranes using aerial infrared videography. Journal 
of Wildlife Management 70:70- n 
Kirsch, E.M., and J.G. Sidle. 1999. Status of the interior 
population of least tern. Journal of Wildlife Man-
agement 63:470-83. 
Lelong, B., e. Lavoie, Y. Jodoin, and F. Belzile. 2007. 
Expansion pathways of the exotic common reed 
(Phragmites australis): A historical and genetic 
analysis. Diversity and Distributions 13:430-37. 
Ludwig, D.F., T.J. Iannuzzi, and A.N. Esposito. 2003. 
Phragmites and environmental management: a 
question of values. Estuaries 26:624-30. 
Meadows, R.E., and K. Saltonstall. 2007. Distribution 
of native and introduced Phragmites australis in 
freshwater and oligohaline tidal marshes of the Del-
marva Peninsula and southern New Jersey. Journal 
of the Torrey Botanical Society 134:99-107. 
Saltonstall, K. 2001. A set of primers for amplification 
of noncoding regions of chloroplast DNA in the 
grasses. Molecular Ecology Notes 1 (1-2):76- 78. 
SaItonstall, K. 2002. Cryptic invasion by a non-native 
genotype of the common reed, Phragmites aus-
tralis, into North America. Proceedings of the 
National Academy of Sciences of the United States 
of America 99:2445-49. 
Saltonstall, K. 2003a. Genetic variation among North 
American Populations of Phragmites australis: 
Implications for management. Estuaries 26:444-51. 
© 2011 Center for Great Plains Studies, University of Nebraska-Lincoln 
Great Plains Research Vol. 21 No.2, 2011 
Saltonstall, K. 2003b. A rapid method for identifying the 
origin of North American Phragmites populations 
using RFLP analysis. Wetlands 23:1043-47. 
Saltonstall, K., P.M. Peterson, and R.J. Soreng. 2004. 
Recognition of Phragmites australis subsp. ameri-
canus (Poaceae: Arundinoideae) in North America: 
Evidence from morphological and genetic analyses. 
Sida 21:683- 92. 
Sidle, J.G., D.E. Carlson, E.M. Kirsch, and J.J. Dinan. 
1992. Flooding-mortality and habitat renewal for 
least terns and piping plovers. Colonial Waterbirds 
15:132- 36. 
Soons, M.B. , C. van der V1ugt, B. van Lith, GW. Heil, and 
M. Klaassen. 2008. Small seed size increases the 
potential for dispersal of wetland plants by ducks. 
Journal of Ecology 96:619-27. 
Taberlet, P., L. Gielly, G. Pautou, and J. Bouvet. 1991. 
Universal primers for amplification of three non-
coding regions of chloroplast DNA. Plant Molecu-
lar Biology 17:1105-9. 
Tal, M., K. Gran, A.B. Murray, e. Paola, and D.M. Hicks. 
2004. Riparian vegetation as a primary control on 
channel characteristics in multi-thread rivers . In 
Riparian Vegetation and Fluvial Geomorphology, 
ed. S. Bennett and A. Simon, 8:43-58. American 
Geophysical Union, Washington, DC. 
T'Ulbure, M.G., e.A. Johnston, and D.L. Auger. 2007. 
Rapid invasion of a Great Lakes coastal wetland by 
non-native Phragmites australis and Typha. Jour-
nal of Great Lakes Research 33:269-79. 
van den Broek, T., R. van Diggelen, and R. Bobbink. 
2005. Variation in seed buoyancy of species in wet-
land ecosystems with different flooding dynamics. 
Journal of Vegetation Science 16:579- 86. 
Vasquez, E.A., E.P. Glenn, J.J. Brown, G.R. Guntensper-
gen, and S.G. Nelson. 2005. Salt tolerance underlies 
the cryptic invasion of North American salt marshes 
by an introduced haplotype of the common reed 
Phragmites australis (Poaceae). Marine Ecology-
Progress Series 298:1-8. 
